Experiments were carried out to determine the effects of lime and test branch position on percentage 14 C-distribution within the plant, sink activities of plant fractions and total 14 Crecovered in plants. The investigation was conducted with 3-year-old Sitka spruce [Picea sitchensis (Bong.) Carr.] seedlings planted in pots containing either limed or unlimed peat soils. To determine effects of test branch position on the above processes, upper test branches (UTB) and lower test branches (LTB) of plants were exposed to 14 CO
Introduction
In order to restrict the negative effect of soil acidification and nutrient leaching, liming is the most common sylvicultural practice for acid forest soils. Limestone is often used as liming material to neutralize acidity, reduce the exchangeable Al and to increase the level of available Ca in the soil (Kamprath and Foy, 1985) . Application of lime changes soil properties which, in turn, affect the availability of soil minerals and nutrient uptake by forest trees.
Plant growth is influenced by the distribution and metabolism of carbon within the plant. Basic information on the control on these processes in forest tree species is lacking. Information on the effects of lime application on the distribution of carbon and sink activities of plant fractions is also lacking, despite the importance of such information in managing forests for optimal establishment, growth and yield. Carbon distribution in conifers has been studied in young Pinus resinosa trees (Gordon and Larson, 1968) , in young Pinus strobus (Ursino and Paul, 1973) , in Pseudotsuga menziesii and Picea sitchensis seedlings (Van Den Driessche, 1987) , in Pinus taeda (Kuhns and Gjerstad, 1988) , in Quercus rubra seedlings (Dickson et al., 1990) and in Pinus sylvestris trees (Hansen and Beck, 1990) . However, no information is seemingly available on the effects of lime on the above processes.
The aim of adding lime to soils is to improve conditions for growth by ameliorating soil acidity. The experiments covered in the present study were aimed at elucidating the effects of both liming and source position on 14 C-distribution, 14 C-recovered in the plant and on sink activities of 3-year-old Sitka spruce.
Materials and methods
Two types of peat, limed and unlimed, were collected on 8 July 1993 from the top 15 cm below the litter layer from two plots under 30-year-old Picea sitchensis trees in Beaghs forest in Northern Ireland. One of the plots had been limed (22.5 t ha -1 ) in 1965 and the second plot was unlimed. The peat was kept in a cool room before use in experiments. The litter layer was removed from the peat and the peat was then carefully mixed. Plastic pots (15 cm in diameter) were filled with fresh peat containing c. 140 g dry matter in each pot. To determine the calcium content of the peat mixtures, ten random fresh peat samples (each sample was 1 kg) from each type of peat were dried at 60°C for 72 h and then weighed to the nearest mg. The dried samples were separately ground (Cyclotec, 1093 sample mill, mesh size = 2 mm) before further chemical analyses. The ground peat samples were digested in 70 per cent HNO 3 . After digestion, samples were analysed for concentration of calcium using an inductively coupled plasma-optical emission spectrometer (Perkin-Elmer) (ICP-OES). The average amount of calcium in the limed and unlimed peat was 9.8 and 1.2 g kg -1 respectively. Dug fresh 3-year-old Picea sitchensis seedlings of Queen Charlotte Islands origin were brought from Castlederg Forest Nursery and transferred into the pots, one plant per pot, on 9 July 1993 for the October experiment, and on 29 October 1993 for both the April and July experiments. The plants for each experiment had similar sizes and branching. They were placed outdoors at the Department of Agriculture, Newforge Lane, Belfast. The pH of the peat was measured just before each harvest using electrodes of a pH-meter (Whatman PHA 400). The mean peat pH values were 3.48, 3.58 and 224 FORESTRY 14 C per dry weight in the UTB themselves were as much as 162 per cent and 124 per cent higher than those in the LTB for April and July respectively. In October, total 14 C-recovered in plants receiving 14 C from the LTB was 77 per cent higher than that in plants receiving 14 C from the UTB. Lime had no effect on the total 14 C-recovered in plants when comparisons were made for a single test branch position. The stem and root fractions were the major sinks in the plant for the distribution of labelled carbon. Lime application decreased dry weight of fine roots in October and populations of mycorrhizae were decreased by liming on all sampling occasions.
3.42 in the unlimed peats and 6.52, 5.18 and 5.45 in the limed peats at the October, April and July harvests respectively. The plants were watered twice a week. One week before exposure to 14 CO 2 , the plants were moved into a glasshouse. The temperature inside the glasshouse ranged between 15 and 22°C. The October, April and July experiments were harvested on 16 October 1993, 5 April 1994 and 22 July 1994 respectively. There were four treatments, limed and unlimed treatments plus upper and lower test branches and each treatment had 5 replicates.
Either an upper or a lower branch of plants was exposed to 2.22 ϫ 10 7 disintegrations per minute (d.p.m.) (0.37 MBq) of 14 CO 2 generated from Na 2 14 CO 3 (specific activity = 1.89 GBq mmol -1 , Amersham International) within an assimilation chamber. The assimilation chamber was made of polyethylene (20 ϫ 6 cm) and was of such size to enclose the whole test branch. A test tube (1 ml) for holding the Na 2 14 CO 3 , was fixed inside the assimilation chamber. When the test branch was covered by the assimilation chamber, the chamber was sealed with sealing strips and fixed with foldback clips to prevent any loss of released 14 CO 2 . A small hole was made in the assimilation chamber so that the Na 2 14 CO 3 could be added to the tube inside the chamber. A few drops of 0.1 mol/l of HCl were added to the Na 2 14 CO 3 to release 14 CO 2 and the hole in the chamber was quickly covered by paraffin wax to prevent any loss of 14 CO 2 from the assimilation chamber. Six hours later, the assimilation chambers were removed from the test branches. A harvest was carried out 7 days after exposing a test branch to 14 CO 2 in each experiment. Plant fractions were oven-dried at 60°C for 72 h, weighed to the nearest mg and ground with a micro-mill (Glen Creston, DCFH 48 type, mesh size = 1 mm).
At harvest, plant parts were dissected into source (test branch including its needles) and sinks [leader (including its needles), needle (needles of whole plant except needles of leader), shoot (total branches without needles), stem (whole main stem), coarse root (> 5 mm in diameter), medium root (2-5 mm in diameter) and fine root (< 2 mm in diameter)] fractions. Subsamples of 50 mg dry matter were taken from ground material of each fraction (one subsample from a fraction having <1 g dry matter, two subsamples from a fraction having 1-2 g dry matter and three subsamples from a fraction having >2 g dry matter) and subjected to a wet combustion method for total radiocarbon using 10 ml 0.25 mol/l NaOH as a trap for released 14 CO 2 (Clifford et al., 1973) . Each subsample of the plant material was digested using chromic acid (5 ml per each subsample of plant material dry weight). Samples for liquid scintillation counting were prepared by mixing a 1 ml subsample of the NaOH trap with 9 ml of a commercial scintillation cocktail (Insta-Gel Plus, Packard, UK) in a 20-ml glass scintillation vial. Counting was carried out with a liquid scintillation counter (Beckman RACKBETA, 1217-002). Each sample was counted for a 20 min period. Counts per minute (c.p.m.) were corrected for background and converted to absolute disintegration per minute (d.p.m.) using sample channels ratio quench correction. Presence of 14 C in source and sink fractions was examined in terms of both Table 1 : Percentage 14 C-distribution and sink activity (d.p.m. ϫ 10 6 g -1 DW) of fractions of Sitka spruce plants 2 and 7 days after exposure to 14 CO 2 . n = 5. No significant differences were apparent. Total 14 C recovered was 11.5 and 13.3 d.p.m. ϫ 10 6 respectively 2 and 7 days after exposure to 14 CO 2
Percentage distribution
Sink activity Fine roots and mycorrhizae were examined under a stereo microscope (ϫ 60) to determine effects of lime on them.
For each plant fraction, analyses of variance were used to test the effects of lime application and test branch position on 14 C-distribution, sink activity and total 14 C-recovered in plants. Significant differences between means were established using the t-test. Seasonal differences in the above measurements in each fraction were also analysed using the t-test.
Results

October experiment
Distribution of 14 C-assimilate to some of the plant fractions was affected by lime (Table 2(a)). Liming decreased distribution of 14 C to the leader fraction. In contrast, distribution of 14 C to the coarse root fraction of plants receiving 14 C from the LTB was increased by liming. With respect to effects of lime on sink activities of plant fractions, the only effect of lime application was an increase in sink activity of coarse roots when they received their exported 14 C from either the UTB or the LTB (Table 2 (b)).
FORESTRY
In relation to effects of test branch position on 14 C-assimilate distribution to sinks, the upper test branch (UTB) exported more 14 C to aboveground fractions (i.e. leader, needles and shoots) than the lower test branch (LTB) (Table 2(a)). In contrast, below-ground and fine-root fractions of LTB plants received a higher percentage of 14 C than that of UTB plants. The coarse-root fraction of L 1 (limed plants receiving labelled carbon from LTB) plants imported a higher percentage of 14 C than did this fraction of U 1 (limed plants receiving labelled carbon from UTB) plants.
Sink activities of plant fractions in relation to test branch position are shown in Table 2 (b). The root fractions had higher sink activities than above-ground fractions regardless of test branch position from which 14 C was received. The coarse-and fine-root fractions of the LTB plants had higher sink activities than those of the UTB plants. Sink activity of medium roots of the L 0 (unlimed plants receiving labelled carbon from LTB) plants was 8.8 times that of medium roots of the U 0 (unlimed plants receiving labelled carbon from UTB) plants. The total 14 C recovered in plants was not affected by lime application, while the total 14 C recovered in the whole plant was higher in the LTB plants than UTB plants (Table 2(c)) .
April experiment
With respect to effects of lime application on percentage 14 C-distribution to plant fractions, the only effect of lime on percentage 14 C-distribution was on the leader fraction of the plant (Table  3 (a)). The percentage 14 C-distribution to the leader of L 1 plants was 2.9 times that of the L 0 plants. No effects of lime application on sink activities of plant fractions were observed (Table  3( b) ). In relation to effects of test branch position on percentage 14 C-distribution to plant fractions, the leader was the only fraction which was affected by test branch position (Table 3(a)). The percentage 14 C-distribution to the leader in L 1 plants was five times higher than that of U 1 plants.
Effects of test branch position on sink activities of plant fractions are shown in Table 3 (b). There was a higher concentration of 14 C in the upper source compared with the lower source regardless of lime treatment. The sink activities of stem, fine roots and below-ground parts of the L 0 and L 1 plants were higher than those of the U 0 and U 1 ones. The total 14 C recovered in the whole plant was not affected by either lime treatment or position of test branch (Table 3 (c)).
July experiment
In relation to effect of lime on percentage 14 Cdistribution to plant fractions, the leader was the only fraction in which percentage 14 C-distribution responded to lime application (Table 4(a)). The percentage 14 C-distribution to this fraction in the U 1 plants was double that of the U 0 ones. Effects of lime on sink activities of plant fractions are shown in Table 4 (b). The concentration of 14 C in the source of the limed plants was higher than that in the source of the unlimed ones. Liming had no effect on sink activities of the various plant fractions.
Effects of test branch position on percentage 14 C-distribution to plant fractions are shown in Table 4 (a). The leader fraction had a higher percentage of 14 C-translocation in U 1 plants than in L 1 plants. The LTB exported higher percentages of 14 C to coarse-and fine-root fractions than did the UTB. A higher percentage of 14 C was transported to the below-ground parts from the LTB compared with the UTB. In contrast, the percentage 14 C transported from the UTB to the aboveground parts was higher than that transported from the LTB.
Effects of test branch position on sink activities of plant fractions are shown in Table 4 (b). The upper source had a higher concentration of 14 C than the lower source. Sink activities of stems of the U 0 and U 1 plants were 1.2 and 2.8 times those of the L 0 and L 1 plants respectively. Sink activity of the above-ground fraction of the U 1 plants was double that of the L 1 plants. Sink activities of coarse-root, fine-root and below-ground fractions of L 0 and L 1 plants were higher compared with those of the U 0 and U 1 ones. The total 14 C recovered in the whole plant was not affected by either lime treatment or position of test branch (Table 4(c)).
Seasonal fluctuations and distribution of 14 C to plant fractions
Seasonal fluctuations in percentage 14 C-distribution, sink activities of plant fractions and total 14 C recovered in the whole plant were examined by deriving means of values for both test branches in the case of the unlimed plants only. Seasonal changes in percentage 14 C-distribution to plant fractions are shown in Figure 1 . The leader, needle and shoot fractions imported their highest 14 C during the growing season in April, while percentage distribution of 14 C to the stem fraction was highest in July. Percentage 14 C-distribution to the coarse-root, medium-root and fine-root fractions was highest in October. The aboveground fraction received its highest 14 C in April, while the below-ground fraction imported its highest 14 C in October.
Seasonal changes in sink activities of plant fractions are shown in Figure 2 . The leader and shoot fractions had their highest sink activity during the growing season in April, while the needle fraction had its highest sink activity in October and April. Sink activities of the stem and coarse-root fractions were highest in July, while sink activities of the medium-root and fine-root fractions were highest in October. The total 14 C recovered in the plant was 4.2, 2.3 and 6.5 d.p.m. ϫ 10 6 g -1 in October, April and July respectively. 
Effects of lime application on roots and mycorrhizae
The limed plants had blackened roots and many of their root tips were killed compared with the unlimed plants. The mycorrhizal populations were decreased by lime application. Table 5 shows the effect of lime on the dry weight of the various plant fractions. The fine roots were the only fraction for which dry weight was affected by lime application. The dry weight of this fraction was lower with lime than without lime in October.
Effects of lime application on plant dry weight
Discussion
Effects of lime application
Effects of lime application are an increase of soil pH and a complex change in the total nutrient availability of the soil (Mengel and Kirkby, 1982) . The total microbial activity increases (Zelles et al., 1987) and substantial shifts in microbial population structure are to be expected (Bååth et al., 1984) . These effects may be reflected by changes in plant nutrient status and root activity so that changes in N and C metabolism by the plant would be expected. The high pH (6.52) of the limed peat in October might have led to the decreased percentage 6.7 6.8 6.3 6.6 * Significant at P < 0.05 between limed and unlimed treatments. x Significant at P < 0.05; xx significant at P < 0.01; xxx significant at P < 0.001 between test branches. 14 C-distribution to the leader fraction observed in this study. The increase in percentage 14 C exported by the LTB to coarse roots of limed plants and the increased sink activity of this fraction by liming could be due to higher carbon use by the mycorrhizal population associated with the unlimed plants compared with limed ones. In the short term, decreased numbers of short root tips by liming have also been obtained in Picea sitchensis (Kakei and Clifford, unpublished results) and Picea abies (Lehto, 1994) . The latter author concluded that lime directly and adversely affected the mycorrhizal populations. In April and July, the pH of the limed peat was lower than that in October. This might have resulted in a higher 14 C-distribution to the actively growing leader fraction of limed plants compared with that of unlimed ones. The present data show that liming had no effect on total 14 C recovered in plants on any experimental occasion. This suggested that photosynthetic activity of the test branches was not affected by lime application.
Effects of test branch position
A sink is generally supplied with photosynthate from a nearby source (Palit, 1985) . Relative demand by sinks influences distribution of photosynthate from a source branch (Dickson, 1986) . In October, the UTB and LTB exported higher percentages of their current photosynthate to the above-and below-ground parts respectively to be stored in the stem and roots for reuse in the following growing season (Clausen and Kozlowski, 1967) in addition to supporting growth of the root fractions. In April, demand of shoots for photosynthate was high compared with root fractions because of the active growth of the shoots (Ford and Deans, 1977; Deans, 1979) . The above-ground parts received an average of 71.4 per cent of the 14 Ctranslocated from both test branches, compared with only 28.6 per cent of the 14 C-translocated to the below-ground parts from the test branches. This was probably due to dominance of shoots over roots in receiving photosynthate (Wardlaw, 1968; Starck, 1971 ).
In July, higher percentages of current photosynthate were translocated to the above-and below-ground parts from the UTB and LTB respectively. This might be due to a relative decrease in photosynthate demands by the aboveground parts where growth would have slowed down by this time (Deans, 1979) . The aboveground fraction received an average of about 54.3 per cent of the 14 C-translocated from both source positions while this value was 45.7 per cent for the below-ground fraction. In relation to capacity of sources to export their photosynthate to sinks, the upper and lower test branches did not differ in their retention of 14 C in the present study.
Carbon distribution in plants is controlled by a number of factors, which include the supply of photosynthate, the number and size of competing sinks and their positions on the plant, vascular connections and potential for temporary storage in the leaves and along the path of transport (Wardlaw, 1990) in addition to plant species, leaf age, sink demand and plant ontogenetic state (Dickson et al., 1990) . In Populus deltoides (Dickson and Larson, 1981) , from 42 to 62 per cent of the fixed 14 C was translocated from a source leaf within 24 h. This value was about 25 per cent in Quercus rubra within 24 h (Dickson et al., 1990) . In the present study, Picea sitchensis plants translocated 26.6 to 50 per cent of recently fixed 14 C in 7 days depending on season, position of test branch and lime treatment. The UTB retained a higher 14 C g -1 DW than the LTB in all the treatments. This may be due to the fact that mature branches at the base of the flush export more photosynthate than less mature branches (Dickson et al., 1990) . In immature sources much of the photosynthate by these branches is retained in the branches and utilized to support branch maturation (Tomlinson et al., 1989; Dickson et al., 1990) .
In the present study, the high sink activity of the below-ground parts receiving 14 C from the LTB compared with the UTB in October and April could be due to adjacency of the LTB to the below-ground parts (Palit, 1985) when growth of the above-ground parts had ceased or slowed. The higher total 14 C recovered in plants when 14 C was fixed by the LTB compared with that when 14 C was fixed by the UTB in October might be due to the fact that the LTB was more mature and larger than the UTB, which might have led to higher net photosynthesis of the LTB compared with the UTB. Ludlow and Jarvis (1971) , in their study on 3-to 4-year-old Picea sitchensis trees, have reported that net photosynthesis of mature needles was higher than immature ones. Clark (1961) has reported similar results in his study on Picea glauca and Abies balsamea. In October, the total percentages 14 C-distribution from the LTB and UTB to the plant fractions were on average 49.7 and 44.0 per cent of fixed 14 C respectively. This difference in percentage 14 C-distribution from the LTB and UTB to the plant fractions might have led to the higher total 14 C recovered in plants when 14 C was fixed by the LTB compared with when 14 C was fixed by the UTB because photosynthesis is closely related to rate of translocation of assimilate out of needles (Gordon and Larson, 1968) . In October, the roots had high demands for photosynthate because growth continued and because they are the major organs for storage of carbohydrates during autumn and spring before budbreak. When the seedlings were exposed to 14 CO 2 , a higher proportion of 14 C was transported from the LTB to the root fractions, which are adjacent to the LTB. This probably led to greater photosynthesis in the LTB compared with the UTB. In April and July, the LTB perhaps had an advantage in its greater size and the UTB in its higher activity, which might have resulted in test branch position having no effect on total 14 C recovered in plants.
Distribution of 14 C to plant fractions
Above-ground and below-ground parts of the plant received highest percentages of 14 C in April and October respectively. A high proportion of 14 C in roots of Pinus strobus and Pinus resinosa following a September-October exposure to 14 CO 2 has been observed by Ursino et al. (1968) and Schier (1970) . Accumulation of carbon in roots of Picea sitchensis in October (Van Den Driessche, 1987) and Pseudotsuga menziesii seedlings in November (Webb, 1977) has been reported. In the present study, the root fractions of the U 0 plants received 14.4 per cent of the 14 C recovered 7 days after exposure to 14 CO 2 . This is in a good agreement with results reported by Hansen and Beck (1990) on 8-year-old Pinus sylvestris trees exposed to 14 CO 2 in October. These authors found that roots contained 14 per cent of the total 14 C recovered 5 days after exposure to 14 CO 2 .
In relation to the October experiment, the fineroot fraction was the sink that received the highest percentage of 14 C. This fraction received an average of 17.2 per cent of the total 14 C recovered from both test branches. The stem fraction was the major above-ground sink. This fraction together with the fine-root fraction were the major sinks on all the experimental occasions. This is in agreement with observations reported by other authors (Dickson et al., 1990; Hansen and Beck, 1990) . Needles had the second highest percentage 14 C among the above-ground fractions, while the leader fraction imported a low percentage of 14 C which was probably due to its inactivity in October and its small biomass compared with that of the other above-ground fractions.
In April, the above-ground parts received a higher percentage of 14 C from both source positions than the below-ground parts (cf. Keith et al., 1986) , probably due to dominance of shoot growth over root growth (Wardlaw, 1968; Starck, 1971) . The high percentage 14 C-translocation to the leader fraction might be due to its active growth. The low percentage 14 C received by the coarse and medium root fractions was probably due to retranslocation of 14 C from these fractions to fine roots and shoots, because of high demand for photosynthate by the latter two fractions. In July, no differences occurred in percentage 14 C-distribution to above-and below-ground parts of the plant. This could be because the growth of the shoot lessened and current 14 C was translocated to stem and root fractions to be stored for the following growing season. At the same time, current 14 C would have continued to be transported to fine roots to support their growth. The coarse-root fraction imported a relatively higher percentage of 14 C, which indicates that 14 C was probably already being stored in this fraction for reuse in the following growing season.
In October, root fractions of the plant receiving 14 C from the LTB and UTB had 6.2 and 2 times respectively higher sink activity than the above-ground parts, which might be due to continued growth of the root system plus a greater import of carbon to be stored in their tissues. At this time the activity of the shoot will have started to slow down. The present results are consistent with results that have been reported on Quercus rubra seedlings (Dickson et al., 1990) and Pinus sylvestris trees (Hansen and Beck, 1990) . In April, the above-ground parts of the plant receiving 14 C from the LTB and UTB had 1.2 and 1.7 times respectively higher sink activity than the belowground parts. The leader and fine-root fractions were the most active fractions during this season, which might be due to their high growth and activity, while the coarse and medium root fractions had low sink activity. This was probably due to a high demand for photosynthate by shoots and new roots. In July, the peak of shoot elongation would have lessened (Ford and Deans, 1977; Deans, 1979) , and current photosynthate needs to be transported to the root system to support its demand for photosynthate (Van Den Driessche, 1987) . When the production of photosynthate exceeds the demand for the sinks, the surplus of this production is converted into reserve substances stored in the root system (Picea abies, Senser et al., 1975; Picea sitchensis, Ford and Deans, 1977; Pinus sylvestris, Ericsson, 1979) .
Seasonal fluctuations in distribution of 14 C within plant
In the present study, the highest percentage of 14 C exported to plant fractions from either upper or lower test branches was in October. Percentage 14 C-distribution to the leader, needles and shoots was highest in April, which is the shoot elongation period. This is in agreement with results reported by other workers (e.g. Ludlow and Jarvis, 1971) . The stem fraction received its highest percentage of 14 C in July and October. This could be because in July and October, when the period of budbreak was over or slowed down, the stem fraction received higher percentages of 14 C to be stored for the following season's growth. The root fractions contained their highest percentages of 14 C in October, when the growth of other fractions would be less pronounced (Ford and Deans, 1977; Deans, 1979; Wardlaw, 1990) . These results are consistent with data reported for Pinus strobus (Ursino et al., 1968) , for Pinus resinosa (Schier, 1970) , for Picea sitchensis (Ford and Deans, 1977) , for Pseudotsuga menziesii (Webb, 1977) and for Pinus sylvestris (Ericsson and Persson, 1980; Hansen and Beck, 1990) . Ford and Deans (1977) , in their study on 11-year-old Picea sitchensis trees, found that within the growing season (from 24 May to 27 September), there were maxima in carbohydrate concentration in the fine roots in mid-June. Hansen and Beck (1990) , in their study on 8-yearold Pinus sylvestris trees, also observed that maximal rates of export of radiocarbon from the needles into the stem and roots were during the storage phase in autumn.
With regard to sink activities of plant fractions, the test branches retained highest and lowest concentrations of 14 C (d.p.m. g -1 DW) in July and April respectively. The leader had its highest sink activity in April, when this fraction was in its active growth stage, while the maximum for the stem fraction was in July after the budbreak period. The highest sink activities of needles and below-ground parts were in October, because root growth was continuing at that time. The high activities of the root fractions in October might also be due to photosynthate being stored in these fractions (cf. Gordon and Larson, 1968) to support plant growth in the following season (cf. Ford and Deans, 1977; Ericsson and Persson, 1980) . Total 14 C recovered in the whole plant was lowest in April, which might be due to retranslocation of stored reserves from the roots and stem to the shoot when the growth of these fractions started (Clausen and Kozlowski, 1967) . In July, total 14 C recovered in the whole plant was highest, which was probably due to high light intensity, which led to high rates of photosynthesis. Chandler and Dale (1993) have reported that photosynthesis of 2-year-old Picea sitchensis plants reached a peak in August.
Effect of lime on growth of plants
Lime application decreased fine-root dry weight in October. This was the only effect of lime application on plant growth. This might be due to the high pH of the peat soil (6.52) in October compared with 5.18 and 5.45 in April and July respectively. There were no effects of liming on either above-or below-ground part dry weight for any of the experimental occasions. Erland et al. (1991) reported in their study on Pinus sylvestris seedlings that there were no differences in either shoot or root weight between mycorrhizal plants that had grown at different pH values for 8 weeks.
Conclusions
It seems that source position affects the distribution of carbon to plant organs. The lower and upper test branches exported a high proportion of photosynthate to roots and shoots respectively and this was affected by seasonal changes. During growth of shoots in April and July, the aboveground part was dominant and was the major part of the plant receiving current photosynthate, while in October roots were the main part receiving carbon. The stem and root fractions were the main sinks on the experimental occasions. Fine roots of the limed plants were blackened and populations of their associated mycorrhizae were reduced by lime treatment. Mycorrhizae have an important role in the utilization of carbon by plants and their role is still not well understood.
